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First Ancient Human Genome
Eske Willerslev



The Saqqaq Genome Project
4,000 years

Hair sample from permafrost
DNA extraction <10% contamination

20 x coverage
Started 2009



The Neandertal Genome Project
38,000 years

Leg bone from a cave in Croatia
DNA extraction >95% contamination

1 x coverage
Started 2006



DNA from hair



DNA from hair
• Hardly any contamination

• Relatively high yield

• Short fragments

• <3 month sequencing

• Post-mortem DNA damage

• Polymerase Phusion



Flow chart over pipeline and data summary



Functional SNP assessment

What can we say about his phenotype?







   

From genotype to phenotype: how good are we at putting a face to an anonymous individual? - While some traits manifest 
themselves in a tissue specific manner (highlighted in green), others are more systemic (highlighted in blue). Going from the 
genetic blueprint to visual appearance, physiological behaviour and medical predispositions is still an open challenge.







The ancient genome database

www.ancientgenome.dk

• Get sequence

• Compare to reference genome (NCBI 36)

• SNP accessions

• Phenotypic associations

http://www.ancientgenome.dk
http://www.ancientgenome.dk






Genome-wide associations studies



Cases vs controls
• Obtain DNA from a disease group (e.g. asthma) and a control group 

• For each individual: Run DNA on a SNP array measuring the 

genotypes at almost 1M loci

• If the group consists of 1,000 individuals, one obtains 1,000 x 

1,000,000 genotypes

• Quality Control

• Loop over all SNPs, and identify those that are significantly more 

common among cases than controls

• Those SNPs are associated with the disease

• Not necessarily causal



Example of GWAS results (asthma)
Manhattan plot displays all SNPs on x-axis (order by 

genomic location), and -log10 of p-values on y-axis.

Variants of DENNB1B and Asthma in Children
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tion of the P values with the use of Fisher’s method 
and a fixed-effects meta-analysis (odds ratio, 0.70; 
95% CI, 0.63 to 0.78; P=3.9×10−11). Results ob-
tained from each of the three components of the 
replication set are shown in Table 6 in the Sup-
plementary Appendix.

We subsequently carried out a combined 
analysis, which included all the subjects of Euro-
pean ancestry who had asthma (1710 subjects) and 
all the controls of European ancestry (3534) on 
2 million imputed and genotyped SNPs. Other 
than SNPs at the previously reported 17q21 locus 
and those at the 1q31 locus that we describe 
here, no SNPs surpassed the genomewide thresh-
old for significance (P<5×10−8). However, SNPs at 
three other loci — 3p12 (intergenic region be-
tween ROBO1 [encoding roundabout 1] and GBE1 
[encoding glucan (1,4-alpha-1), branching enzyme]), 
6q27 (PDE10A [encoding phosphodiesterase 10A]), 
and 9p23 (PTPRD [encoding protein tyrosine phos-
phatase, receptor type D]) — showed suggestive 
associations (Fig. 2, and Table 7 in the Supplemen-
tary Appendix).

To determine whether the 1q31 locus also con-
tributes to asthma in children of African ances-
try, we used data from 1667 African-American 
children with physician-diagnosed asthma and 
2045 controls who did not have asthma to test 
the 20 1q31 markers that were implicated in the 
analysis of the discovery set for an association 
with asthma. A total of 17 of the 20 SNPs were 
significantly associated with asthma, although 
the associated allele at each SNP was the alterna-
tive allele to that associated with asthma in the 
discovery set (range of odds ratios, 1.13 to 2.01; 
range of P values, 0.01 to 4.2×10−7) (Table 2, and 
Table 8 in the Supplementary Appendix). We 
combined P values across all three sample co-
horts using a joint test of the SNP effect and the 

interaction between SNP and ancestry; rs2786098 
remained the most strongly associated SNP 
(P = 1.68×10−13) (Table 2).

We observed shorter blocks of linkage disequi-
librium in the samples from African-American 
controls who had been recruited at the Children’s 
Hospital of Philadelphia than in the samples from 
controls in the discovery set of children of Euro-
pean ancestry (Fig. 1, and Fig. 2 in the Supplemen-
tary Appendix). The four SNPs that showed the 
strongest association in the samples from African 
Americans (rs1747815, rs1775456, rs1924518, and 
rs1775444) made up a small block of linkage dis-
equilibrium in intron 2 of DENND1B (range of odds 
ratios, 1.83 to 1.86; range of P values, 3.1×10−7 
to 9.4×10−7) (Table 2 and Fig. 1). We observed link-
age disequilibrium between these SNPs in the 
samples from both African-American controls and 
controls of European ancestry (Fig. 2 in the Sup-
plementary Appendix).

We then investigated whether more than one 
of the 20 SNPs that were implicated in the discov-
ery set showed an independent association with 
disease. We carried out logistic-regression analyses 
adjusting for the allele dosages of rs2786098, 
which is the SNP most strongly associated with 
asthma in persons of European ancestry. Analy-
sis of the samples from subjects of European 
ancestry showed that the association in the in-
terval was effectively nullified, whereas 10 SNPs 
remained significantly associated with asthma in 
the African-American cohort; rs1775456 showed 
the strongest association (P=2.4×10−4) (Table 3, 
and Fig. 3 in the Supplementary Appendix). Ad-
justment for the allele dosages of rs1775456 
nullified the association in both the subjects of 
European ancestry and the African-American 
subjects (Fig. 3 in the Supplementary Appendix), 
suggesting that the etiologic variant is either 
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Figure 2. Manhattan Plot of the Results from the Combined Subjects of European Ancestry Who Had Asthma.

The −log10 P values are plotted against the physical distance. Only the two loci at chromosome 1q31 and 17q21 
were significantly associated with asthma after Bonferroni correction. Individual chromosome labels are indicated 
in white within the Manhattan plot. 

The New England Journal of Medicine 

Downloaded from nejm.org at Danmarks Tekniske Informationscenter on December 15, 2010. For personal use only. No other uses without permission. 

 Copyright © 2010 Massachusetts Medical Society. All rights reserved. 



Online phenotype association resources

• NHGRI’s Catalog of Published GWAS:

http://www.genome.gov/26525384

• SNPedia:

http://www.snpedia.com

http://www.snpedia.com
http://www.snpedia.com
http://www.genome.gov/26525384
http://www.genome.gov/26525384


Published Genome-Wide Associations through 6/2010, 
904 published GWA at p<5x10-8 for 165 traits

NHGRI GWA Catalog
www.genome.gov/GWAStudies







From genotype to phenotype

• 99.9% of human DNA is identical to another person

• 0.1% ! over 80% are single nucleotide polymorphisms (SNPs)

• The genotype of an organism is the inherited instructions within the DNA

• A phenotype is any observable characteristic or trait of an organism

Exercise: Genotype to Phenotype

http://wiki.cbs.dtu.dk/teachingmaterials/index.php/ExGenotype2PhenotypeLite


